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(S4) Optical detection of specific 
molecules 

(57) An optical method for detecting the 
presence and/or behaviour of a first 
form of specific molecules in various 
substances comprises the steps of 
applying a sample 6 of the substance 
(e,g. blood) to a molecular adsorbed 
layer 4 formed on an appropriate 
boundary surface of light transmitting 
device 2. Layer 4 embodies a second 
form of specific molecules (e,g- 
antlbodles) capable of attracting 
specific moiecules (e,g, antigens) from 
the sample for chemical combination 
therewith. Light is Injected into the 
device so that at least a part thereof 
enters layer 4. The light output from the 
device is then detected for assessment 
of the effect thereon of any molecules 
of the first form absorbed into layer 4. 
Polarizers 9 & 10 are used because the 
orthogonal light components are 
attenuated differently according to 
changes In anisotrophy* Instead of the 
planarwaveguideofRg J a triangular 
prism with an adsorbed layer may be 
used. 
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SPECIFICATION 

Improvements relating to optical detection meth- 
ods and apparatus 

5 

This Invention relates to methods and apparatus 
for detecting and/or monitoring or quantifying the 
presence and/or behaviour of certain specific mole- 
cules in various substances and the Invention is 
10 especially, but not exclusively, applicable to the 
clinical detection of antigens in blood samples and 
to the monitoring of clincial diagnostic reactions 
involving enzymes, for example. 
It is already known to detect the presence of an- 

15 tigens in blood samples by causing the antigens to 
be attracted into an adsorbed layer of a substance 
which contains antibodies and v\fhich constitutes 
the gate electrode of an fnsulated-gate fieid-effect 
transistor (IGFETI so that the current flow between 

20 the source and drain of the transistor is varied tn 
accordance with the presence of antigens absorbed 
Into the gate electrode. The transistor current flow 
is monitored to detect the presence of antigens 
after which the transistor will be disposed of. 

25 The present invention accordingly has in view a 
detecting and/or monitoring or quantifying method 
which makes use of a slgnlfwamiy cheaper dispos- 
able device than the IGi=ET referred to above and 
which enables inter alia the take-up of antigens by 

30 the absoTbed layer in the antigen detection appli- 
cation of the invention to be monitored over a pro- 
tracted period (e.g. 15 minutes). 

in accordance with the present invention there is 
provided an optical method for detecting and/or 

35 monitoring or quantifying the presence and/or be- 
haviour of a first form of specific molecules in var- 
ious substances, which method comprises the 
steps of applying a sample of one of said sub- 
stances to a molecular adsorbed layer which is 

40 formed on an appropriate boundary surface of a 
relatively cheap light transmitting device and 
which embodies a second form of specific mole- 
cules capable of attracting specific molecules of 
the first form to said adsorbed layer for chemical 

45 combination therewith, injecting light Into said de- 
vice so that at least a part thereof enters the ad- 
sorbed layer and detecting, monitoring or 
measuring the light output from said device for as- 
sessment of the effect thereon of any moiecuies of 

50 the second form which have been absorbed unto 
the adsorbed layer. 

in carrying our the present \n\fention the light 
transmitting device may comprise a disposable 
planar optical waveguide with the adsorbed layer 

55 being provided on one boundary surface of the 
waveguide, or alternativety, the device may com- 
prise a simple cheap prism (e,g. triangular) having 
the adsorbed layer provided on one face thereof 
The disposable planar optical waveguide may slm- 

60 ply comprise a glass slide of the form commonly 
used In microscopy provided with a surface layer 
of different refractive index. 

When a planar optical waveguide Is used, light 
injected into one end of the waveguide will be 

65 propagated through the waveguide so that evanes- 



cent waves of the guided light will penetrate into 
the adsorbed layer of the device where they will be 
absorbed and/or otherwise modified {e.g. velocity 
differential between components) by the material 
70 of the layer and to a degree dependent upon the 
presence of specific moleduies of the first form ab- 
sorbed in the adsorbed layer and thereby produc- 
ing attenuation or a change in attenuation of the 
guided light-wave which can be detected and/or 
75 measured. 

The material of the adsorbed layer may also be 
anisotropic in which case the propagation charae* 
teristics of orthogonal polarised components of the 
light (e.g. magnetic and electric) injected into the 
80 waveguide will be influenced by the anisotropy of 
the layer so that the electrical and magnetic mode 
propagation constants will differ as a function of 
the anisotropy and the degree of absorption of 
each mode polarisation by the adsorbed layer will 
85 usually be different Consequently, changes in ani- 
sotropy of the adsorbed layer due to the absorp- 
tion therein of specific molecules of the first form 
will affect the attenuation of the orthogonal pola- 
rised components of light injected Into the wave- 
90 guide and thus the measured Intensities of these 
polarisations may be used to provide an indication 
of any absorption of specific molecules of the first 
form Into the adsorbed layer. 
Similariy, in the alternative case where an optical 
95 prism is utilised orthogonal polarised light compo- 
nents may be Injected into the prism but in this 
case It may be arranged that the light beam itself 
passes through the adsorbed layer and after inter- 
nal reflection from the outer surface of the applied 

100 substance embodying the specific molecules of the 
first form it passes back through the adsorbed 
layer and thus the intensities of the two polarisa- 
tions of light may be detected and/or measured for 
determining whether and in what quantity mole- 

105 cules of the first form have been absorbed into the 
adsorbed layer. 

As alternatives to the above-described tech- 
niques of effectively detecting and/or measuring 
the absorption or changes In the absorption of 

no light at the propagation wavelength (usually ultra- 
violet spectral range) by the adsorbed layer It is 
also envisaged that changes In birefringence or Ra- 
man back-scattering of light in the adsorbed layer 
may be utilised to detect the absorption of specific 

1 15 molecules into the adsorbed layer. These alterna- 
tive techniques enable a wider range of light wave- 
lengths to be used. 

It is contemplated that the method of the present 
invention and the apparatus for carrying it out will 

120 have many applications In the chemical and medi- 
cal analytical and diagnostic fields but two espe- 
cially envisaged applications are in the detection 
and/or monitoring of antigens in blood samples 
and In monitoring clinical diagnostic reactions in- 

125 volvlng enzymes. 

By way of example the present invention will 
now be described with reference to the accompa- 
nying drawing In which; 
Figure 1 shows a schematic diagram of an optl- 

130 cal waveguide apparatus for detecting and/or 
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B The chemical . ,„ j^e applied blood 

adsorbed layer 4 ^ ^^^^ posi- 

25 sample 6 occurs at a ^^^^ ^^^^^^^ 

the layer by the antibodies therein, 
as time allowing observation of the take up oi 



gens by 3n«bodle.^ru« t^^^^^^^^^ 

uBv i-ns 17 and passing through a polarlser IB en 

flS uooer surface of liquid blood sample 15. The Ugm 
S be attenuated inter alia by the antigens at- 
uacted into the adsorbed layer by the antibodies 
theSn T^e attenuated light emerging from the 
nrilria oassBs through a polarlser 19 before ills 
go ?orsdrnraiVcafde^ector20b^^^^^^ 
lens 21. The detector output and/or mdication af- 
fords an indication of the presence or absence of 
!iSl^ TZ blood sample applied to tt,a prism. 



SB CUIIMS 

1. An optical method for detecting and|or m^^^^ 

SSh^nsmittlng device and which embodies a 

^Tbed lSer for chemical combination there- 
£ fn?S light into said device so that at least 
UTo™,? enters the adsorbed layer and de- 
,10 X SoX^rmeasurlngthe llght^^^^^^^ 
fr«n sMd device or otherv^ise assessmg the effect 

2 An opdca" method as claimed in claim 1, in 
,20 Srhro^ghl^e^vTeSwe whereby eyansscent 

=i:yi«r£S'S?eab- 

2 bfd aJKherw^^ modified by the material 
o? the laiir to a degree dependent upon the pres- 
125 enci o?speciflc molecules of *e first for", ab- 
sorbedln the adsorbed layw and thereby 
Sue ing attenuauon or a diange In attanuahon 
of the guided light-virave which can be detected 

,30 %%rSt -thod ascialmed In Calm l.in 
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which the light transmitting device comprises a 
simple prism (e.g. triangular) having the adsorbed 
layer provided on one face thereof 

4. An optica) method as claimed in claim 2, In 
5 which the disposable planar optical waveguide 

comprises a glass slide with a surface layer of dif- 
ferent refractive rndex. 

6. An optical method as claimed in claim 2, \n 
which the adsorbed layer is anisotropic whereby 

10 the propagation characteristics of orthogonal pola- 
rised components of the light injected Into the 
waveguide will be influenced by the anisotropy of 
the layer so that the electrical and magnetic mode 
propagation constants will differ as a function of 

15 the anisotropy and the degree of absorption of 
each mode polarisation will be different 

5. An optical method as claimed in claim 3« in 
which orthogonal polarised light components are 
injected into the prism and In which the light beam 

20 is arranged to pass through the adsorbed layer and 
after Internal reflection from the outer surface of 
the applied substance embodying the specific mol- 
ecules of the first form to pass back through the 
adsorbed layer, the intensities of the two polarisa- 

25 tions of light being detected and/or measured for 
determining whether and in what quantity mole- 
cules of the first form have been absorbed into the 
adsorbed layer. 

7. An optical method as claimed In claim 1, in 
30 which changes In birefringence or Raman back- 

scattering of h'ght In the adsorbed layer are utiVised 
to detect the absorption of specific molecules Into 
the adsorbed layer. 

8. The optical detecting and/or measuring 

35 method hereinbefore described with reference to 
Rgure 1 or Figure 2 of the accompanying drawing. 

9. The optical waveguide apparatus suitable for 
detecting and/or measuring the absorption of spe- 
cific molecules from a blood sample Into an ad- 

40 sorbed layer of the waveguide substantially as 
hereinbefore described with reference to Figure 1 
of the accompanying drawing. 

10. The optical prism apparatus suitable for de- 
tecting and/or measuring the absorption of specific 

45 molecules of a blood sample Into an adsorbed 
layer of the pdsm substantially as hereinbefore de- 
scribed with reference to Rgure 2 of the accompa- 
nying drawing. 
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